, respectively, under applied magnetic fields of 5 and 2 T. Also, the relative cooling power (RCP) was calculated. According to hysteresis cycles, for our studied samples, at 10 K a typical soft FM behavior with a low coercive field was observed. These results make our samples promising candidates for magnetic refrigerators, magnetic recording, and memory devices.
Introduction
During the past few years, perovskite manganites with a general formula Ln 1Àx MMnO 3 (where Ln is a rare earth element and M is a divalent alkaline ion) have attracted particular attention from several researchers. This is thanks to their interesting interplay between magnetic and electronic features, as well as to being very promising for future technological applications.
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Additionally, they have many advantages such as low production cost, convenient preparation, soer vibration, longer usage time, small volume requirement and chemical stability. Moreover, these materials are environment-friendly and do not cause noise pollution. This makes them attractive to further research in relation to the widely-used refrigeration technology based on gas compression. The parent compound, LnMnO 3 the properties of these materials. 9 These properties are very dependent on the substitution rate x, average size of the cation, cationic disorder and the elaboration method. 10 La 1Àx Ca x MnO 3 has attracted the attention of several researchers. This is thanks to the very rich phase diagram observed in this series.
11, 12 Pekala et al. 13 investigated its magnetic eld dependence of electrical resistivity in ne grains and analyzed the inuence of external magnetic eld on the transport processes in detail. Yi et al. 14 observed that the magnetoresistance of nanosized La 0.75 -Ca 0.25 MnO 3 is enhanced at low temperatures due to the spinpolarized tunneling behavior. In addition, the pressure dependence of magnetic phase separation and transport behavior in La 0. 75 Ca 0. 25 MnO 3 has also been investigated in recent paper.
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On other hand, with the substitution of Na on LaMnO 3 sample, an amount 2Â of Mn 3+ is converted to Mn 4+ . Zhong et al. 16 have studied the magnetocaloric properties in La 1Àx Na x MnO 3 (0 # x # 0.2) and found that for x ¼ 0.2, |-DS max M | reaches 1.96 J kg À1 K À1 upon a magnetic applied eld change of 1 T. This paper investigates the effect of Na substitution on the structural, magnetic and magnetocaloric effect (MCE) of (x ¼ 0.15 and 0.20) samples, synthesized by ux method, using sodium chloride (NaCl) as a ux. A theoretical investigation was used to predict the MCE properties for x ¼ 0.20.
Experimental details
Generally, ceramic materials are highly affected by the preparation routes and heat treatments. The synthesis methods based on the conventional ceramic or solid state reaction are not suitable for advanced technological applications, as these methods produce particles of large size at high temperatures.
Alternatively, to produce a very high-quality, homogenous and nano-polycrystalline powder of La 0.75 Ca 0.25Àx Na x MnO 3 (x ¼ 0.15 and 0.20) compounds, at low temperature, we used the ux method, NaCl as a ux. The scheme of the synthetic route is to take stoichiometric amounts of high purity La 2 O 3 , MnO 2 and CaCO 3 in the appropriate molar ratio. The last mixture was ground, for half an hour, with an appropriate quantity of NaCl in an agate mortar. Then, the mixture was heated at 800 C for 24 h in a recrystallized alumina crucible. Aer that, the melt was washed with distilled water and ltrated in order to remove easily the residual salts. The resulting powder was dried at 110 C for 3 h and heated at 800 C for 6 h. Finally, the powder was pressed into disks under 5 tonnes per cm 2 and sintered at 800 C. In order to characterize our samples we carried out, at room temperature, the phase purity by powder X-ray diffraction (XRD) using a Panalytical X pert Pro-diffractometer with Cu-K a radiation (l ¼ 1.5406Å). Data renement was obtained with 2q from 10 and 100 with a step size of 0.017 and a step time of 18 s. The microstructure was determined, at room temperature, by a scanning electron microscope (SEM) using a Philips XL30. The compositions of our samples were obtained by a semiquantitative analysis performed at 20 kV accelerating voltage using energy dispersive X-ray analysis (EDX). The magnetic analysis was carried out using BS1 and BS2 magnetometers developed in Louis Neel Laboratory of Grenoble.
Results and discussion

X-Ray diffraction study
To analyze the structural properties of our samples, we carried out XRD analysis with CuKa radiation at room temperature. The data were analyzed by Rietveld method using Fullprof program.
17 Fig. 1 (a) and (b) exemplies the Rietveld renement of XRD prole, for the x ¼ 0.15 and 0.20 samples, respectively. A good agreement between the observed and the calculated proles was remarked. This is due to the excellent goodness of t (c 2 ), conrming the high quality of renement. From this gure, we can deduce that the x ¼ 0.15 sample is a mixture of orthorhombic and rhombohedral structures, respectively, with Pbnm and R 3c space groups, around 2q ¼ 32 . In this region, the system showed a sign of multi-phased behavior with no complete splitting into the double line of the intense peak. This result is in concordance with that observed in ref. 18 . The relative amount of the orthorhombic phase was 81.68%. However, that of the rhombohedral phase was 18.32%. We can conclude that the orthorhombic phase is dominant. On the other hand, x ¼ 0.20 sample crystallized in the rhombohedral structure with R 3c space group. Also, we can see the appearance of a small quantity of Mn 3 O 4 , as found in recent works.
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The different tting parameters of our samples are summarized in Table 1 
where r (La,Ca,Na) , r O and r Mn are the ionic radii of the different elements. The manganese oxide compounds have a perovskite structure if 0.89 < T G < 1.02. 25 The obtained values of T G for our samples were listed in Table 1 . This conrmed the stability of this structure.
The experimental density (D exp ) is determined from the weight and geometrical dimensions of the cylindrical pellets. 
Morphological study
From the reection of 2q values of XRD prole, the crystallite size (D) was calculated using Scherer's equation (eqn (2)):
where K is the shape factor, which usually takes a value of about 0.9, l ¼ 1.5406Å is the wavelength for CuK a radiation, q is the diffraction angle of the most intense peak and b is the full width at half maximum of the highest peak. D values are listed in Table 2 . The obtained values are comparable with those reported in the literature. [26] [27] [28] [29] [30] Regarding the SEM micrograph, insets (a) and (b) of Fig. 2 , show a homogenous microstructure and a uniform grain size distribution, for x ¼ 0.15 as an example. The grain sizes were estimated to be mostly within 2.12 and 2.14 mm for x ¼ 0.15 and 0.20, respectively. Obviously, the particle sizes observed by SEM were much larger than those calculated using Scherer's formula. This indicates that each grain observed by SEM consists of several crystallites.
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In order to check the existence of all elements in La 0.75 -Ca 0.25Àx Na x MnO 3 (x ¼ 0.15 and 0.20) compounds, EDX analysis was performed. The EDX spectrum, for x ¼ 0.15 as an example, is shown in Fig. 2 , The typical cationic compositions are listed in Table 3 . It is clear that all elements (La, Ca, Na, Mn, and O) are present with no loss of any integrated elements during the sintering process.
Magnetic study
Following the Morphological study, we discussed the thermal variation of the magnetic properties of La 0.75 Ca 0.25Àx Na x MnO 3 (x ¼ 0.15 and 0.20). Fig. 3 (a) and (b) shows the zero-eld-cooled (ZFC) and eld-cooled (FC) magnetizations of our samples under an applied eld of 0.05 T in the temperature range 5 to 400 K. We can remark a net PM-FM transition, at their T C . A small divergence between ZFC and FC plots can be observed at the irreversibility temperature T ¼ 270 and 250 K, respectively for x ¼ 0.15 and 0.20. This phenomenon can be attributed to the appearance of an isotropic eld generated from FM clusters. ). Here, we can discuss the evolution of the bandwidth using eqn (3)
where
is the bond length characterized by the overlap between Mn 3d and O 2p orbitals.
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The calculated W b values are tabulated in Table 1 .
To understand the dynamics of spin, we carried out the inverse of susceptibility as function of temperatures, as shown in Fig. 4 . In PM region, c À1 can be tted by Curie-Weiss (CW) law. 37 Fitting the linear part; we get the q p values (Table 4) . It is worth to mentioning that q p values can be negative, positive or null according to AFM, FM or PM behavior, respectively. In our case, q p values are positive, conrming the FM behavior. It is clear that the q p value is higher than T C . This can be interpreted by the magnetic inhomogeneity above T C . 38 The experimental effective moment (m Table 4 . We can notice that the difference between the experimental and the theoretical values is attributed to the FM correlations in PM region. These are probably due to the formation of FM cluster. 39 Our results are comparable with other works. 40, 41 order to get a deeper insight into the magnetic properties at low temperatures, we analysed the hysteresis cycles M(m 0 H). Fig. 5 (a) and (b) displays M(m 0 H) at 10 K, m 0 H ¼ AE6 T. We remarked clearly that the curves are quite similar to each other with a small hysteresis loop. In the weak eld region at low Magneto-crystalline anisotropy is an intrinsic property of materials, playing an important role in coercivity. 43 It is used to describe the effect of the internal energy on the direction of magnetization.
According to Stoner-Wohlfarth's theory, the anisotropy constant (K a ) can be determined from eqn (4)
where K a values are 188.7 J m À3 and 161.9 J m À3 , for the x ¼ 0.15 and x ¼ 0.20 samples, respectively. The remanence ratio (R) using (eqn (5)):
is an important parameter, used to understand the isotropic nature of our studied samples. R values are equal to 0.0169 and 0.0120, for the x ¼ 0.15 and 0.20 samples, respectively. The small obtained values undergo the isotropic natures. 45 Together with M(m 0 H) investigation; we have measured the isothermal magnetization as a function of applied magnetic elds up to 5 T at different temperatures, for our samples, around their T C (inset of Fig. 6(a) and (b) ). We can notice that these curves reveal a rapid increase in the magnetization at a very weak magnetic eld corresponding to a quick rearrangement of the magnetic domains. This is due to the complete alignment of the spins in these samples from the value of the magnetic eld, According to Banerjee's criterion, a positive slope corresponds to second order magnetic transition, while a negative slope corresponds to rst order transition. 46 From Fig. 6 (a) and (b), we can see a positive slope without inection points in the high-eld regions for our samples. This indicates that our samples undergo a second order nature of phase FM-PM transition.
Magnetocaloric properties
For the determination of MCE especially in magnetic materials, both the experimental and theoretical approaches are used. However, for the theoretical investigation of MCE, several approaches were used. Recently, a theoretical model proposed by Hamad 47 began to receive attention. Based on this model, the dependence of magnetization on the temperatures is dened as:
where M i and M f are the initial and the nal values of magne-
the magnetization sensitivity dM/dT at FM state before transition. S C is the magnetization sensitivity dM/dT at T C .
According to this model, ÀDS M under applied magnetic elds in the range of 0 to m 0 H max is expressed by:
value, dened as the following expression: In magnetic refrigeration, it is important to take into account not only the ÀDS M , but also the relative cooling power (RCP) as an important parameter which represents the amount of heat exchange per kilogram between the hot and cold sinks in the ideal refrigeration cycle. It is computed by:
(dT FWHM ) presents the full width at half maximum, dened as:
Another important parameter for magnetic refrigeration is the heat capacity DC P,m 0 H associated with an applied magnetic eld (1-5 T) can be determined by:
DC P,m 0 H can be rewritten as:
In the rest of our work, the MCE properties for x ¼ 0.15 will be determined experimentally, while x ¼ 0.20 will be determined experimentally and theoretically.
Before studying the MCE properties of our samples, Fig. 7 represents M(T) in different applied magnetic eld, for x ¼ 0.20 sample. The symbol is the experimental data, while the solid red line is the modeled data (using eqn (6)). From M(T), it is easy to determined M i , M f , B and S C parameters in order to investigate theoretically ÀDS M , RCP, ÀDC P,m 0 H and DT ad curves. The obtained parameters are summarized in Table 5 .
It is noteworthy that the theoretical model is in good agreement with the experimental data. While, the second one is an anomaly, which explained as metamagnetic transition: in fact, PM and AFM transitions coexist above T C . 53 Hence, in our case the presence of two peaks in ÀDS M may be attributed to the combination of orthorhombic and rhombohedral structures in this sample. This is in agreement with that observed by Kima et al. 54 The obtained ÀDS max M are comparable with those obtained in the literature (Table 6 ).
The different values of RCP for our samples are listed in Table 6 . These parameters increase with increasing the external magnetic eld. This is because the effect of spin coupling became less important when the applied magnetic eld was increased. We can see that the proposed compounds exhibit important values. In addition, we can note that our samples can be considered as potential candidates for magnetic refrigeration thanks to their high RCP values, compared to conventional refrigerant materials (Table 6 ).
Using eqn (11) and (12), Fig. 9 display the experimental and the theoretical DC P,m 0 H plots, for x ¼ 0.20 sample as an example. The symbol represents the experimental data, while the solid red line represents the modeled data. We can see clearly that the experimental results are in a good agreement with the calculated results. Additionally, we can remark that the value of ÀDC P,m 0 H suddenly changed from positive to negative around T C . Then, it decreased rapidly with decreasing temperature. 65 The sum of the two parts represents the magnetic contribution to the total specic heat. The positive or negative values of DC P,m 0 H can strongly alter the heating or cooling power of a magnetic refrigerator. The obtained maximum/minimum values of DC P,m 0 H at 315/293 K, exhibited an increasing trend with the external magnetic eld. It was found to be 63.98/À62.62 J kg À1 K À1 at a 5 T applied magnetic eld. Our results are comparable with those obtained in recent works.
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To have a wider understanding of the MCE properties, the adiabatic temperature change (DT ad ) was calculated. It is dened as following: 
Taking into account the eqn (6) in eqn (13) DT ad can be rewritten as:
C P,m 0 H represents the specic heat, it can be calculated from the sum of the lattice and magnetic contributions using eqn (15) 66,67
where C D is the Debye specic heat and C M is the magnetic contribution to the specic heat capacity). C M is given by (vU M / vT), and is determined from:
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where N int presents the mean eld constant. It is equal to
2 JðJ þ 1Þ ; g is the Landé factor, J is the total angular momentum and N S is the number of spins per unit mass. Using eqn (13) and (14), Fig. 10 A phenomenological universal curve for the eld dependence of ÀDS M has been proposed, by Franco et al. 68 It is based on the normalization of all ÀDS M (T, m 0 H) curves using eqn 17
Aer that, the temperatures' axes are differently rescaled below and above T C , dened as (eqn (18)):
where, T r 1 and T r 2 are the temperatures of two reference points, associated to DS M (T r 1,2 ) ¼ ÀDS max M /2 (T r 1 < T C and T r 2 > T C ). Fig. 11 displays the q dependence of DS 0 under different magnetic elds, for the x ¼ 0.20 sample, as an example. It is clearly seen that all data points collapse on one single curve. Therefore, the FM-PM phase transition in our sample was conrmed to be of second order nature.
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The universal curve can be well tted by Lorentz's function using (eqn (19) ): That is to say, we need only the last parameters, which are determined from the properties of these materials, to determine ÀDS M from DS 0 (q).
Generally, ÀDS M is dependent on the variation of magnetization near T C . It can be expressed by:
where n is an exponent which depends on the magnetic transition and dened as: We can see that the value of n approaches 1 in the FM region and admits a minimum in T C . Then, it approaches 2 in the PM state. These results are observed in different magnetic materials. 
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Conclusion
In summary, we have investigated the structural, morphological, magnetic and MCE properties of La 0.75 Ca 0.25Àx Na x MnO 3 (x ¼ 0.15 and 0.20) samples, synthesized using the ux method.
Rietveld renement of XRD patterns shows that x ¼ 0.20 crystallized in a rhombohedral structure with R 3c space group, at room temperature. While, the x ¼ 0.15 sample admits both phases with different percentages. Magnetization measurements as function of temperatures in a magnetic eld of 0.05 T show that our studied samples undergo a second-order PM-FM phase transition, upon decreasing temperature. Around room temperature, a large MCE is observed for our samples, under a magnetic eld of 5 T. -DS max M is found to be 6.01 J kg À1 K
À1
under m 0 H ¼ 5 T magnetic eld for x ¼ 0.20. For the x ¼ 0.15 sample, ÀDS M curves show the existence of two maxima, which may be attributed to the structural inhomogeneity. The RCP is also analyzed. From, ÀDS M curves, we have investigated the dependence of temperature on the adiabatic temperature change (ÀDT ad ). Its maximum is found to be 2.93 K, for the x ¼ 0.15 sample, in an applied magnetic eld of 5 T. From the hysteresis cycles, at 10 K for the studied samples, we can remark a typical so FM behavior with a small hysteresis loop and a low coercive eld (m 0 H C ). The small values of coercive eld conrm that the magnetic domains can rotate easily to the direction of the applied magnetic eld. These results make our samples promising candidates for magnetic refrigeration, magnetic recording and memory devices. 
